Abstract: Petals from Coreopsis lanceolata L. were extracted in methanol and subjected to solvent-solvent partitioning to yield four fractions: hexane, diethyl ether, ethyl acetate, and aqueous. These fractions were screened using a 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay and an active oxygen inhibition assay. The ethyl acetate extract contained the highest level of active components. Four compounds isolated from this fraction by HPLC were screened for antioxidant activity and anti-allergic activity. Anti-allergic activity was assessed by measuring release of histamine from rat peritoneal mast cells. One compound, termed laceolin, was characterized by spectroscopic analysis, including extensive NMR and mass spectra. This compound had significant radical scavenging activity, with an SC 50 (scavenging concentration of 50%) value of 2.6 mg/mL and superoxide dismutase activity of 46.2%.
INTRODUCTION
A variety of alkaloids, terpenes and flavonoids are produced as metabolic products in plants, and plant products have been utilized as folk medicine or spices throughout human history 1) . As plants have evolved in the natural world they have adapted to various environmental changes. C. lanceolata L. is a perennial member of the compositae family, and it is native to North America. C. lanceolata L. is widely distributed in pantropical regions, and it has also become a naturalized denizen of Japan. An acetylene compound peculiar to Compositae has been found in the root of this plant 2) . In addition, one of us (Miyazawa) has analyzed an ingredient in the upper part of C. lanceolata L. that may have potential for refining essential oils, and the plant also contains significant amounts of germacrene D, b-bisabolene and g-curcumene 3) . Flavonoids with biological activity have been isolated from several members of the Compositae family with a chrysanthemum pattern. For example, luteolin, diosmetin and fisetin show strong anti-allergic activity 4) . In the present study, we investigated antioxidant and anti-allergic activities in extracts from C. lanceolata L.. The antioxidative activities were evaluated by a 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay and an active oxygen inhibition assay. Luteolin, diosmetin and fisetin were not present in the extracts. One compound isolated from the ethyl acetate extract by HPLC had a high antioxidant capacity and it also suppressed histamine release from rat peritoneal mast cells.
MATERIALS AND METHODS

1
The flowers of C. lanceolata L. were collected at Kinki University in Higashihiroshima, Japan, in May 2007.
2
Dried C. lanceolata L. petals (80.0 g) were added to 7.2 L methanol (MeOH) and left at room temperature for one month. The extract was filtered and evaporated in a rotary evaporator under reduced pressure at 40 until it was reduced to a gummy mass (26.1 g). This was suspended in distilled water and partitioned using hexane, diethyl ether (Et 2 O) and ethyl acetate (EtOAc), respectively. These extracts were evaporated to dryness under reduced pressure at 40 . The yields obtained were: hexane extract 3.1 g, Et 2 O extract 0.5 g and EtOAc extract 2.5 g. The aqueous portion was freeze dried, yielding 18.9 g.
3
The EtOAc extract was analyzed by HPLC (Tosoh Co., Ltd. ODS-80TM TSKgel column (4.6 150 mm; Tosoh Co., Ltd., MeOH : H 2 O 45 : 55 v/v, l=254 nm, flow 0.7 mL/min).
4
Four main peaks were isolated by subjecting the EtOAc extract to HPLC ODS-80TM TSK Guard column (21.5 mm ID 50 mm; Tosoh Co., Ltd.) and separation on an ODS-80TM TSK gel column (21.5 mm ID 300 mm; Tosoh Co., Ltd., MeOH : H 2 O 45 : 55 v/v; l=254 nm; flow 9.0 mL/min). Each peak fraction was evaporated to dryness under reduced pressure. The yields obtained from 100.0 mg of EtOAc extract were: fraction 1 10.3 mg, fraction 2 15.1 mg, fraction 3 21.1 mg and fraction 4 43.5 mg.
5
The structure of the compound isolated from fraction 4 of the EtOAc extract (compound 4) was established based on the IR, 1D and 2D-NMR and FAB-MS spectra. Infrared spectra were recorded on an FTIR-8100A (Shimadzu Co., Ltd.) spectrometer. The NMR spectra were obtained with a JAM-EX400WB (Jeol). Mass spectra (MS) were measured with a JMS -HX100 (Jeol). 
6
This was performed as described previously after preparing a 0.2 mM DPPH (1,1-diphenyl-2-picrylhydrazyl) ethanol solution 5) .
7
This was performed as described previously using an SOD-like Activity Detection Kit (Wako, Japan) 6) .
8
The total phenolic contents of the methanolic and several other extracts of C. lanceolata L. were measured using a modified colorimetric Folin-Ciocalteu method 7, 8) . A 0.5 mL volume of distilled water and 0.125 mL of a known dilution of the extract were added to a test tube. Folin-Ciocalteu reagent (0.125 mL) was added to the solution and allowed to react for 6 min. Then, 1.25 mL aliquots of 7% sodium carbonate solution were added to the test tubes, and the mixture was diluted to 3 mL with distilled water. The color was allowed to develop for 90 min and the absorbance was read at 760 nm using a U-3501 spectrophotometer. The measurement was compared to a standard curve of prepared gallic acid solutions.
9
The flavonoid content of the methanolic and several other extracts of C. lanceolata L. was measured using a modified colorimetric method 7, 8) . A 0.25 mL volume of a known dilution of the extract was added to a test tube containing 1.25 mL of distilled water. To the mixture was added 0.075 mL of 5% sodium nitrite solution, and this was allowed to stand for 5 min. Then, 0.15 mL of 10% aluminum chloride was added. After 6 min, 0.5 mL of 1 M sodium hydroxide was added, and the mixture was diluted with another 0.275 mL of distilled water. The absorbance of the mixture at 510 nm was measured immediately using U-3501 spectrophotometer and compared to a standard curve of prepared catechin solutions.
10
Animals: Male Wistar strain rats (age: 7 weeks; body weight: 190-220 g) were obtained from Saitama Experimental Animals Supply Co., Ltd. (Saitama, Japan). All of the animals were maintained in an air-conditioned room at a controlled temperature of 24 2 and humidity of 45 15%. The animals were allowed food and water ad libitum.
Histamine release from isolated rat peritoneal mast cells induced by compound 48/80: Briefly, rat peritoneal mast cells were harvested from the abdominal cavity of the male rats and purified by Percoll density centrifugation as follows: Physiological buffered saline (PBS; in mM: NaCl 154, KCl 2.7, CaCl 2 5, N-2-hydroxyethyl piperazine-N'-2-ethanesulfonic acid (HEPES) 5; pH 7.4) was injected into the peritoneal cavity. The abdominal region was massaged gently for 90 s and peritoneal fluid was collected and centrifuged for 7 min at 100 g, 4 . After centrifugation, the cell pellets were pooled and washed twice in PBS (-) solution. The mast cell pellets were purified by Percoll density centrifugation for 15min at 200 g, 4 and were washed twice in PBS(-) solution. Thereafter, equal numbers of mast cells g and the histamine content of the supernatant and precipitate was measured fluorometrically as reported previously 9) . Statistical analysis: The data are presented as means SEM. Statistical significance was tested by one-way analysis of variance using Dunnett's test. A probability value less than 0.05 was considered significant.
Chemical Constituents of Coreopsis lanceolata L. and Their Physiological Activities
RESULTS AND DISCUSSION
The free radical scavenging activity of the C. lanceolata L. methanolic extract was assessed by DPPH assay. aTocopherol was used as a control. The SC 50 value (the scavenging concentration of 50%) of the C. lanceolata L. methanolic extract was 14.2 mg/mL. By comparison, the SC 50 value of a-tocopherol is 2.7 mg/mL. This methanolic extract was fractionated by solvent-solvent partitioning with hexane, diethyl ether, ethyl acetate, and water ( ). The organic layers were dried over MgSO 4 and evaporated to dryness under reduced pressure at 40 . The aqueous fraction was freeze dried. The four extracts were then reassessed by DPPH assay. The EtOAc extract had a high radical scavenging capacity in comparison with the other extracts ( ). The SC 50 value of the EtOAc extract was 2.3 mg/mL, which was better than that for a-tocopherol.
The superoxide scavenging activity of C. lanceolata L.
methanolic extract was next evaluated by NBT assay. Ascorbic acid was used as a standard substance. The methanolic extract of C. lanceolata L. had a high inhibitory activity against superoxide radicals. The four extracts ( ) were again assessed by the NBT assay. Each extract had a high scavenging capacity. In particular, the EtOAc extract exhibited the highest superoxide radical scavenging activity. The inhibition rate of the EtOAc extract was 41.3% ( ). The total phenolic contents of several extracts were determined ( ). The EtOAc extract had the highest total phenolic content, at 0.43 mg of gallic acid equivalents/ mg extract. The flavonoid contents of the same extracts were next evaluated using a modified colorimetric method. The EtOAc extract had much more (+)-catechin equiva- 
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lents according to this evaluation ( ). The (+)-catechin equivalent was 0.44 mg/mg extract. The phenolic and flavonoid compounds had a high antioxidant capacity [10] [11] [12] . Therefore, phenols and flavonoids in the EtOAc extract were analyzed. The EtOAc extract was found to have a significant DPPH free radical and superoxide scavenging activity.
The four fractions ( ) were evaluated again by DPPH free radical scavenging and NBT assay. Fraction 4 had a much higher radical scavenging capacity compared to the other fractions ( ). The SC 50 values were 12.5 mg/mL (fraction 1), 7.4 mg/mL (fraction 2), 5.7mg/mL (fraction 3), and 2.6 mg/mL. (fraction 4). The fraction 4 SC 50 value was similar to that for a-tocopherol extracted from EtOAc. Fraction 4 also exhibited the highest superoxide radical scavenging activity. The inhibition rates were 10.6% (fraction 1), 15.4% (fraction 2), 10.6 (fraction 3), and 46.2% (fraction 4).
Flavonoids are widely distributed in plants. These compounds have been recognized to have various biological activities including anti-allergic properties. Therefore, compound 4, which had a high scavenging capacity, was evaluated to see if it had an anti-allergic effect by measur- 
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nals (d 137.7, 146.5, 149.9, 156.9, 158.6) and two olefinic signals (d 117.7 and 146.8). In addition, the IR spectrum revealed that there was a C=O (1636 cm -1 ) carbonyl peak and a C=C (1561 cm -1 ) double bond. These signals suggested the presence of a chalcone unit. The HMBC spectrum showed correlations between H-1"of glucose and C-4' of a glycone (
). The structure of compound 4 was therefore suggested to be 3,4,2',4'-tetrahydroxy-3'-methoxychalcone 4'-glucoside.
Phenolic compounds have a high antioxidant capacity. In particular, the 1,2-diol (catechol) structure might be the main contributor to their observed antioxidant activity 13) . We previously reported that compounds with an olefinic structure significantly inhibited formation of the superoxide radical 14) . Thus, lanceolin (3,4,2',4'-tetrahydroxy-3'-methoxy-chalcone 4'-glucoside) has both diol and olefinic components. A benzene ring with a hydroxyl radical in the 3,4-orientation allows the oxygen atom to share a positive charge, thereby causing stabilization through charge delocalization. In addition, an olefinic structure in the compound is proposed to account for its high scavenging capacity for the superoxide radical. These results indicate that the study of antioxidative compounds in plants can reveal compounds with powerful antioxidant properties. Such compounds may find clinical application for the treatment and prevention of diseases. 
